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Abstract 
VOx-undoped and Ti-doped thin films were deposited onto insulating support (either fused silica  or alumina) by means of rf 
reactive sputtering from a metallic vanadium target with mosaic Ti. Film thickness was varied between 200 - 600 nm. Argon-
oxygen gas mixtures of different compositions were used for sputtering. Structural properties and phase composition of as-
sputtered thin films were studied by X-ray diffraction at glancing incidence, GIXD and Scanning Electronic Microscopy (SEM). 
Electrical properties were determined by means of impedance spectroscopy at temperatures from RT to 400◦C. V2O5 thin films 
exhibited good response towards hydrogen, methane and propane. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Vanadium oxide thin films have been investigated for their fundamental properties and wide practical 
applications. They can be used as heterogeneous catalysts [1], electrochromic and thermoelectric devices [2], 
cathodes for solid-state batteries [3] and electronic and optical switches [4]. Vanadium oxides show n-type 
semiconducting properties. The electrical conductivity of vanadium oxides can be enhanced by formation of oxygen 
vacancies. Due to its semiconducting properties it is proposed as a new resistive-type gas sensor. Thin films of V2O5 
have been proposed as gas sensing materials for oxidizing gases, such as O2 [5], NO2 [6], reducing gases, such as 
organic amines [7], ethanol and ammonia [8] and humidity sensors [9]. 
In the present work, V2O5 undoped and Ti-doped thin films, have been studied such as hydrogen, methane and 
propane gas sensors. 
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2. Experimental 
VOx-undoped and Ti-doped thin films were deposited onto insulating support (either fused silica or alumina) by 
means of rf sputtering in a reactive atmosphere 4.75 Pa (24 % O2–76 % Ar) from a metallic V-Ti mosaic target.  
 
 
 
 
 
 
 
 
 
 
              Fig.2. SEM image of the 400 nm V2O5 thin filmas sputtered at on  
Corning glass. 
 
Voltage during deposition was URF = 1160 V, input power 300 W. The thickness of the films and deposition 
temperature were respectively: ca. 275 nm, 300 K for electrical measurements and 600 nm, 500 K for structural 
investigations. Phase composition of as-sputtered thin films were studied by X-ray diffraction at glancing incidence, 
GIXD while morphology by Scanning Electronic Microscopy (SEM). Electrical properties were determined by 
Electrochemical Impedance Spectroscopy (EIS) with frequency range 0.1 Hz –  1 MHz at temperatures from RT to 
620 K. The measurements were performed with conductometric sensor substrate type CC1.W provided by BVT 
Technologies. It is presented in Fig.1. 
 
 
3. Results  and discussion 
Scanning Electronic Microscope (SEM) image  is presented on Fig.2. The microstructure is spindle-shaped with 
ca. 660 r 35 nm of lengths and 146 r 12 nm of width. X-Ray diffraction XRD, Fig. 3, revealed that material 
Fig. 1 Support for gas sensors and EIS  experiments. 
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crystalizes as V2O5 orthorhombic phase (space group Pmmn). Determined lattice parameters are listed in Table 1. 
along with literature data. These values well agree with the reported literature data [10-13].  
 
 
Fig. 3.XRD pattern of the as-sputtered V2O5thin film (thickness 600 nm, on Corning glass). Red lines represent 
positions of diffraction peaks of V2O5 phase according to Hanawalt et al [10]. 
 
 
 
Table 1. Comparison of the lattice parameters of V2O5 determined in this work with the values of other authors [10-13]. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. presents typical impedance spectra, registered at several temperatures, in the complex plane as the 
imaginary part of impedance (Z”) vs. real part Z’ (Nyquist plot). The experimental results (points) well agree with 
theoretical curves (lines) resulting from the equivalent circuit composed from parallel connected the resistor R and 
the constant phase element CPE. 
 
 
Lattice constant This work [nm] 
Literature data [nm] 
[10] [11] [12] [13] 
a 11.448 r 0.028 11.48 11.519 11.512 11.375 
b   4.359 r 0.041 4.36 4.373 4.368 4.318 
c   3.549 r 0.032 3.55 3.564 3.564 3.519 
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Temperature dependence of the electrical conductivity, V, is presented in Fig. 5. in Arrhenius plot system. Two 
values of the activation energy can be distinguished: at higher temperatures T > 370 K (HT) Eact  = 0.126 eV and at 
lower temperatures, below 370 K (LT) Eact = 0.304 eV. The limiting temperature 370 K is close to Debye 
temperature of V2O5 equal to 371.3 K [14], therefore we suggest that observed differences in activation energies 
result from changes of the scattering mechanism of electrons. 
 
Fig.6. illustrates resistance response to several concentrations of hydrogen (5-300 ppm) for both undoped and Ti-
doped VOx thin films at 200oC. The undoped sample shows typical behaviour as n-type semiconductor. It results 
from the following defect reaction: 
 
ܱܱ ՞ ͳʹܱʹ ൅ ܸܱ
݊൅ ൅ ݊݁Ԣ   (1)  where n = 1 or 2 
 
On the other hand, Ti-doped sample shows p-type behavior. It may be explained by the following mechanism of 
Ti incorporation into V2O5 lattice: 
 
ʹܱܶ݅ʹ ൅ ͳʹܱʹ ՜ ʹܶ݅Ԣܸ ൅ ͷܱܱ ൅ ʹ݄ή  (2)  
 
V2O5 sensor response to hydrogen, methane and propane at 200oC is presented in Fig. 7. The studied films 
demonstrate much higher sensitivity at lower hydrogen concentrations than that of CH4 and C3H8. All studied gas 
show similar sensitivity.  
 
 
Fig. 4. Nyquist plots for 275 nm V2O5  thin film. 
Fig. 5. Arrhenius plot of electrical conductivity Vfor 
275 nm V2O5 thin film. 
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Fig. 6. Sensor performance at 200oC VOx (275 nm) and VOx:Ti (190 nm)                  Fig. 7. V2O5 sensor response to H2, CH4 and C3H8 at 200oC. 
            at different concentrations of hydrogen. 
4. Conclusions 
VOx-based thin films were prepared by RF reactive sputtering. The structural studies revealed that films are 
composed of V2O5 phase. Undoped V2O5 film exhibits n-type conductivity due to presence of oxygen vacancies. On 
the other hands, Ti doping leads to n-p transition. Both forms show good response towards hydrogen (5-300 ppm). 
Sensitivity against hydrocarbons (CH4, C3H8) is demonstrated at higher concentrations (50-3000 ppm). Sensor 
shows good selectivity to hydrogen and hydrocarbons. 
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